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PiEFACE'

Project. MICHIGAN is a continuing, long-range researchand development pro-

*gram for advancing the Army's combat- surveillance and target-acquisition capabil-

ities. The program is carried out by a full-time Institute of Science and Technology

staff of specialists In the fields of physics, engineering, mathematics, and psychol.

ogy. by members of the teaching faculty, by graduate students, and by other research

groups.and. laboratories of The University of Mtchigah.

The emphasis of the Project Is uýon esearch in imaging radar,, MT1 radar,

infrareds. radio location. Imagk processinig, and spec' ial investigations. Particular

attention, is given to all-weather. long- range.* high.-resolutiou sens~ory amd location

echniques .

Project ,vflHIGAII was established by the UI: S. Army Signal Corps at The Uni. .

versity of Michigan in 1953 and has received continuing support from the U. S.*Army.
The Project constitutes a major portion of the diversified program of-research con. p

"ducted by the Institute of Science and Technology in order to make available to gov-

ernment and industry the resources of The University of Michigan and to biroaden
the educational opportunities for students W* the scientific and engineeting discipliho.-

Documents Issued in this series fa Technical Memorandums art pubtished by

'the tnstitute of Science and Technology In order to disseminate scientific and en-
gineering information as speedfly'and as widely as possible. The work reported
may be incomplete, but it is considered to be useful, interesting, or suggestive enough

to warrant this early publication. Any conclusions are.tentative, of course. Alsorinu

with other materials to form a more comprehensive couitribution In the field.

* Progress and results described 4a reports are continually reassessid by Proj.
ect MICHIGAN. .Commients and suggestigns from readers are invited.

"* . . * . .Robert L. Hess
" " " ""Director

.. * rj et e y te . Project MICHIGAN
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R PESPONSE BIAS EXPLANATION OF WORD- FREQUENCY EFFECT .

• . a

• • . * * * AWO MAL * • . * • 0
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"*ý " •h wrdw requeacy effet@ rkgerver'thal. wbeepreseated Is equally nosy
S• . o • meditions, words occurring more frequently Ie the language are identified , pa

. aorrectly more ofen than words occurring less frequently. The response bWas * • *•
.. :' '. "• : explanation avers that this finding is due solely to the tendency & i'espond awy je • %

frequently witU the common, or more Irequent, words. ..

in a test of this explanatoos of word-frequency efgeet, printed five-letter * :
.. i; , . - words with letter deletions simulating different noisy conditions were used. %•" . € . .

results show that a response bias model denying stimuli any role accounts for . *
* .. practically all of the variance in the word-frequency' effect at high noise levelse *

* " The model. however. Is internally restricted, and 4ts efficiency is artifactual.
. * .." ", •~ . tI Another formulation, based on the Br9wa and Rubenstein model, will be tested ' .

•. : •"... • • , h a future experiment. This new formulation is• inlptictlive instead of a40 * 0 ".. o _ i i ! l
o kiitve. ar lo ateir iigeruallyptv ca.. '. . ."• . ".. ." ". • *

* " . " •"*. *udtdr~l•b ~~ri•• hb~ j Idae S•.

0 . 0 .0 0• .
.•

*11 .. *te *tmW an rol to ..

-'~~~~ ~~ ;.:oo bia moe .nlo bygt~l r~ t Brows and Robeasteaf i3 n ae tmlapay i*

" producing the word-Ircquincy effectand instead %Msmes that@ it the amount of "ose present

* • " Is. the same, the percetage of correct responses to words 4twa given ward-frequescy class .. - "

"will be equal to the percentage qf corOre -responses to words from any other word-frequemep * *. :

0 glass having the same prvbaWU G( response* Accor•i•g to this lgdql. the, p•boab6Thl . 0.* %%.

Scorrect response p(C) is merely a SOtasot lietlon b of the probability that the response to a ,

word from a given word.frequey cass will be rrest-- t 1i , ., wIese SuO. 0e. • .

cause the stimuli bave a flat distribution. all Incorrect responses of a given wordoIreqafty.
0%

class will also have a flat distribution across stimuit from other wnad.frequency classes. IX

og course, as I/N Increase&# the probability itat stimulus and response win agree in word-iree

"" quency class increases too. as does the probability of correct response.

By kwwing that equal numbers of the stimulus words presented are Waken from each wor4.

frequency class-that is, pCSt| I-n; by knowing the probability that a response will be from

a gives ;vord-frequeacy class. pc.l; and by kinowl4 a constant a. one can predict the Increase

in word-frequency effect, ble.
I, - 9' *
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In anas excperiment coouted to test the Brown and Itubsestn model, 64 pered Englis.0

0 *0 words fire letters tong were used as stimuli (see ~able 1), tixtqga words Were selected at

k audons m ed wordrequeey classes "etermined bky Tbora4if ' and lgrge (23. •

. . I~wo, three. or Sour "elera were 4elete*d from 6act word. isa the patter"s. umm~auized to Table

09 0 *

-Ile Thus there were 26 •dierent simuti . •

Four groups, of 40 undergraduate cat ei" filled d eleions In tic 04 differedl words.. Each

groupsawsditteicM deletion pater fo e ord aut te on all etetion palteas " .i .

Wr.isrcetorpo wt,4difrn Wods Thi lostet reue We Qulro

*"" ' s r e eys e wer c9 as st imuie 9abo L W w e te d a

shre tes of&eMdl

* . *o *~esults are summaraizdto I aTates 111 SAs IXe aMd Io 7IgpreS I neWt . 'the follwinag poists

;ar noteworthy. (0a The data determiin€ the b vailus abaneexh Toellent Sit; see, in Table U•.

the regresson of pfVj on p0.R1f) I Srom. the "ugomal celts. (14 3'lbtttag the distribIonS of In
correct respOsses (atut each of the F64r wordefrequeniey htases gives a mearly lat curve; s "e

*the colu*"n distr iutions in Table 111e. (Ce A& lable eac wod, the predicts4 aa4 tie obtailed "

*regressigne Sire Verý slimiar fthe "olaaed slofts wVre taken fromt the column marginals in*

Tablet ee). e 0*ea i• ..

TABLE L. WOIWS USZO ACCO!INM 'TO WORD-'

•..+"+ '"S•...

0 R'EQUENCY GROUP 4WORDSf MlLLION WORDS)

S.. ... "" enva grief 0500

9 0

... re 0 shent •ipdst * *rgais voicepr

setup, prQbe tove smile
"atty sic"ee twist mont

o . * Caulk Owle porcl began 0

"% Plum." fare* quee water ..

aktOmr react %voto heard
* .:* o*chump boary Merry small o

Pares silky m) rder .
*scatL clamp lines "Pric@

* •"

. . .. " •". R t. r al . e.Moody shock point* *

evict br•ty guea l gt "

" ; ."0 . 0er rltl •!p4 n-llt' lmledaga cls ) •~tm 0 0ltrbton | . "

"Z. codes lorry brick carry e
. julep shyly . Ooth force 0

0 0

o•.•e. .. :.... '...0 .. ..

"""o • al . . .* ..r' . *0* . • + ,*•.

*0: * .bilge inlet wreck start * .t*

0' 00 * * * * 0 0 5 0' 0% *
*• •* • 0:-. . ... . . , • : ,. ,+ -. , . . 00.".,

*. .. , . . . . * •
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bw ut at Seec *A *9~s g th 0vt~ '9 ~c ~ a

0

1 0 *. 0.et .ALI Selne SAMEL Orne~g ALL VaEvTs* PATTERNS

To0 U 001- O'T

*0 Is A E it it u0

OV.0 0D- 0 0

TA0E11 0RUDUM (*100P$MACRU N EP

5. soSo

* . .3 . 100 - .0R - UT

9. 0.0 S~A -. 3 1.5552

so 0.969 li0.109

3.6 24pa ~t 44.7~d e ae80hl exerWgl

*~~a Qm lettere CITa94fl
00. 2.105 .4 -s52

30 I.O .5.0 113,0 9 60

00*0. LG 4 23.8 41.0%

4 . .31.,60, 10.3 L6 4.18
50 .06.0 16.3.'4.623 6.1?

.. Soo 0.60 5.91.20 51.53 01.923

* .9 ® 24.29 3U?..5 234.55

* . (a) One knote gives

5. 0.89t

*~~ 
0. 8.4 L0105.0 0 .00 1 8.9622 . A aa7,9 LOD21

0 500 DAB . .3 .7 . 3l.81 I60.6J 1.66

.0 552535' .31.0 0 2-.24

0Qu letr ie

%~*.~
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